The EPA\u27s NEPA Duties and Ecosystem Services by Fischman, Robert L.
Maurer School of Law: Indiana University 
Digital Repository @ Maurer Law 
Articles by Maurer Faculty Faculty Scholarship 
2001 
The EPA's NEPA Duties and Ecosystem Services 
Robert L. Fischman 
Indiana University Maurer School of Law, rfischma@indiana.edu 
Follow this and additional works at: https://www.repository.law.indiana.edu/facpub 
 Part of the Environmental Law Commons, and the Natural Resources Law Commons 
Recommended Citation 
Fischman, Robert L., "The EPA's NEPA Duties and Ecosystem Services" (2001). Articles by Maurer Faculty. 
227. 
https://www.repository.law.indiana.edu/facpub/227 
This Article is brought to you for free and open access by 
the Faculty Scholarship at Digital Repository @ Maurer 
Law. It has been accepted for inclusion in Articles by 
Maurer Faculty by an authorized administrator of Digital 
Repository @ Maurer Law. For more information, please 
contact rvaughan@indiana.edu. 
The EPA's NEPA Duties and
Ecosystem Services
Robert L. Fischman ".
I. INTRODUCTION ........................................ 497
II. SOURCES OF NEPA LAw ............................... 503
A. NEPA and the Clean Air Act ..................... 503
1. NEPA ........................................ 503
2. Clean Air Act ................................ 508
B. The CEQRegulations ............................ 510
1. Incomplete or Unavailable Information ...... 511
2. Cumulative Impacts .......................... 512
C. The CEQ Biodiversity Report .................... 514
III. THE EPA's ENVRONNMENTAL REVIEW PROCESS ......... 516
IV. THE EPA ECOLOGICAL GUIDANCE FOR NEPA RE wVE.. 519
A. Early Efforts ...................................... 521
B. Habitat Evaluation ............................... 524
C. Grazing on Federal Lands and Highway
Development ..................................... 526
D. Considering Ecological Processes in
Environmental Impact Assessments ............... 529
V. CONCLUSION .......................................... 533
I. INTRODUCTION
For some time, conservationists have based utilitarian argu-
ments for the protection of nature on the value of goods produced
* Professor of Law, Indiana University School of Law-Bloomington. I would like to
thank Jim Serfis of the EPA, who generously and patiently explained the intricacies of
United States Environmental Protection Agency guidance and procedure. Any inaccura-
des that remain in this article are the result of my own misunderstandings. Tamara Fraizer,
Anne Miller, Jim Salzman, Matthew Sanders, and Jim Serfis offered helpful suggestions on
earlier drafts. An EPA grant administered through American University as well as an Indi-
ana University School of Law summer research grant supported this work. The iws ex-
pressed in this article are entirely mine and not necessarily those of the EPA officials who
offered comments. Jason Smith provided able research assistance. Finally, I owe special
thanks to Jim Salzman for inviting and inspiring me to participate in the EPA-sponsored
ecosystem services project.
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by the Earth's diverse ecosystems. Food, forage, fiber, fuel, building
materials, drugs, and industrial products are among the most fre-
quently cited valuable outputs of natural systems.1 Indeed, for
many years, the cancer-fighting drugs produced by the rosy peri-
winkle and the Pacific yew were veritable poster-children of the
movement to protect biological diversity. 2 However, more recently,
ecologists have teamed up with economists to begin documenting
and valuing the services produced by natural systems.3 This part-
nership is commonly called ecological economics.
Purification of air and water, pest control, flood abatement,
pollination, climate regulation, and soil nutrient cycling are now
among the most frequently cited services for which we depend on
ecosystem functioning. The new poster-child of the movement to
protect natural systems is New York City, which plans to spend $660
million to control development and restore ecosystems in the Cat-
skills watersheds from which it derives much of its drinking water
supply. In doing so, the City saved over $4 billion it would other-
wise have had to spend on construction and operation of a water
filtration facility.
4
While it is relatively easy to identify ecosystem functions, such as
nutrient cycling, that provide important services, such as fertilizing
crops, it is more difficult to quantify the value of those services.'
For instance, while the functional capacity of a wetland can be esti-
mated by examining the density and composition of vegetation and
animals, the value of its services will depend on its location. Two
identically functioning wetlands, from the standpoint of flood con-
1. See, e.g., Paul R. Ehrlich, The Loss of Diversity: Cases and Consequences, in BIODIVERsrrv
21, 23 (E.O. Wilson ed., 1988); James D. Nations, Deep Ecology Meets the Developing World, in
BIODiVERsrrY 79, supra note 1, at 81; Ruth Patrick, Biodiversity: Why Is It Important?, in BI.
ODrvERsriV II: UNDERSTANDING AND PROTECTING OUR BIOLOGICAL RESOURCES 15, 15
(Marjorie L. Reaka-Kudla et al. eds., 1997).
2. See, e.g., NATIONAL RESEARCH COUNCIL, SCIENCE AND THE ENDANGERED SPECIES Acr
188 (1995); DAVID TAKAcs, THE IDEA OF BIODrvERsrrV. PHILOSOPHIES OF PARADISE 209
(1996); EDWARD 0. WILSON, THE DIVERSIT OF LIFE 259, 286-87, 347 (1992).
3. See NATURE'S SERVICES: SOCIETAL DEPENDENCE ON NATURAL ECOsySmMS (Gretchen
C. Daily ed., 1997); see a/soJames Salzman, Valuing Ecosystem Services, 24 EcoLoGY L.Q. 887
(1997) (book review).
4. See, e.g., Salzman, supra note 3, at 893; James Salzman et al., Protecting Ecosystem
Services: Science, Economics, and Law, 20 STAN. ENvrL. L.J. 309 (2001).
5. Nitrogen is supplied to plants through both nitrogen-fixing organisms and re-
cycling of nutrients in the soil. If this nitrogen were provided by commercial fertilizer
rather than natural processes, ecological economists estimate that the lowest replacement
cost for crops in the United States would be at least $45 billion. See Gretchen C. Daily et al.,
Ecosystem Services Supplied by Soi in NATURE'S SERVICES: SOCIETAL DEPENDENCE ON NATURAL
ECOSYSTEMs 113, 125 (Gretchen C. Daily ed., 1997).
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trol, will have different service values if one is located in a densely
populated region and another is not.6 Quantification is crucial if
ecosystem services are to be valued adequately (even at all) in a
legal system that is rooted deeply in the utilitarian tradition. Well-
publicized studies have estimated the worldwide, aggregate value
of ecosystem services in the tens of trillions of dollars.7 As ecologi-
cal economists refine their techniques to measure ecosystem ser-
vices on scales more relevant to routine agency decision-making,
valuation of ecosystem services will need to be integrated into envi-
ronmental impact analysis.
The new valuation tools of ecological economics offer poten-
tially powerful means of accounting for a wide range of nature's
services. Whether measuring dollars through market substitutes or
ecological indicators through comparisons among sites, service val-
uation responds to a utilitarian policy challenge: Judge human ac-
tions based on their consequences rather than on their
"categorical attributes."' The National Environmental Policy Act
(NEPA)9 is the foundational environmental law that requires agen-
cies to evaluate the consequences of a full range of alternative ways
to pursue goals before acting. The utilitarian premise of NEPA is
that better, and more comprehensive, prospective information wsill
lead to better, and more sustainable, decisions. An environmental
policy that is too reliant on the theory of comprehensive rational-
ity, i.e., which depends on the ability of decision-makers to evaluate
and anticipate a diverse array of considerations to optimize long-
term objectives, will fail for reasons explored elsewhere. 10 How-
ever, where we do call upon agencies to evaluate a comprehensive
set of considerations, such as in NEPA, it is imperative to include
the services provided by nature. If we fail to do so, then we treat
land as a passive entity, doing nothing until transformed by devel-
6. See Salzman, supra note 3, at 893; Lisa Wainger et al., Wlland Value Indicators for
Scoring Mitigation Trades, 20 STAN. ENvrL. LJ. 413 (2001) (describing methods of analysis
and comparing sites).
7. See Robert Costanza et al, The Value of the Worlds Ecosstem Sceices and Natural Capi.
ta/, 387 NATURE 253 (1997); David Pimentel et al., Economic and Envirownental Benefits of
Biodiversity, 47 BioScamNcE 747 (1997).
8. Jonathan Baert Wiener, Law and the New Ecolog : Evolution, Categories, and Cosm-
quences, 22 EcoLOGY L Q. 325, 352 (1995).
9. 42 U.S.C § 4321-4370(d) (1994 & Supp. IV 1998).
10. See generally Charles Lindblom, The Science of Muddling Througl, 19 Punuc ADnIM.
REv. 79 (1959); Charles Lindblom, Still Muddling, Not }el Througj, 39 Punuc ADu'. RE%-.
517 (1979). For a review of the problems with comprehensive rationality as applied to
environmental policy, see William H. Rodgers, Adaptation of Environmental Law to the Eco!o.
gists'Discovery of Disequilibria, 69 CHI.-Kr,-r L REv. 887, 887-88 (1994).
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opment, rather than a functioning, productive system vulnerable
to damage."
Most of the United States Environmental Protection Agency's
(EPA's) authorities limit the agency's purview to specific media or
a relatively narrow range of ecosystem-disturbing activities. In con-
trast, the EPA's duty under the Clean Air Act to evaluate all federal
environmental impact statements (EISs) filed under NEPA has a
broad scope. This wide-ranging authority can help shape federal
environmental policy.'2
As EPA guidance illustrates, several common projects entail sig-
nificant impacts to ecosystem services and often involve major fed-
eral action triggering NEPA, such as: (1) community development,
including planning and federal funding for highways; (2) renewa-
ble resource use and development on public lands, including log-
ging and grazing; (3) energy production, including the
development, extraction, generation, transmission, and use of pe-
troleum, natural gas, and coal; (4) non-energy mineral resource
development, processing, management, transport, and use; and
(5) water projects and permits for wetland modification.13 The
NEPA often requires that these and other activities be evaluated at
a programmatic level, thereby allowing for a comprehensive analy-
sis of regional or national impacts. Currently, techniques that value
ecosystem services are more advanced and reliable in cumulating
aggregate contributions than in conducting marginal analyses.
Therefore, the regional or national EISs will be better able to ac-
commodate emerging information on ecosystem services than pro-
ject-specific EISs.' 4
Whether programmatic or project-specific, the NEPA environ-
11. Professor Sax characterizes these two contrasting views of land in Joseph L. Sax,
Property Rights and the Economy of Nature: Understanding Lucas v. South Carolina Coastal
Council, 45 STAN. L. REv. 1433, 1442 (1993).
12. I have explored the role that the EPA may play under this authority to promote
conservation of biological diversity. See Robert L. Fischman, Biological Diversity and Environ-
mental Protection: Authorities to Reduce Risk, 22 ENm. L. 435 (1992). Since the early 1990s,
the EPA has made important progress through guidance documents in describing how
environmental impact analysis should account for biological diversity. Maintenance of
ecosystem services presents different, and in some respects, greater analytical challenges
for NEPA analysis.
13. U.S. ENVTL. PROT. AGENCY, HABITAT EVALUATION: GUIDANCE FOR THE REVIEW OF
ENVIRONMENTAL IMPACT ASSESSMENT DOCUMENTS 8 (1993) [hereinafter EPA ON HABITAT
EVALUATION].
14. For other reasons why large-scale, programmatic EISs best fulfill NEPA's vision of
comprehensive analysis, see Lynton K. Caldwell, Why Bush Should Use NEPA, CEQ ENVrL.
FORUM, Jan./Feb. 2001, at 4.
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mental analysis is the purest expression of that strand of environ-
mental law that seeks to expand cost-benefit balancing to include
indirect and incidental effects. Valuation of ecosystem services is
exactly the kind of assessment NEPA envisions, providing a means
to inform the public and decision-makers about what we stand to
gain or lose in several alternative scenarios.
The EPA does not have the power to compel agencies to make
changes to their environmental analyses. However, its mandatory
duty to evaluate critically the substantive merits and the environ-
mental analysis of proposed federal actions can promote more
careful consideration of the value of ecosystem services. Currently,
EPA guidance and other documents that steer the environmental
analysis establish footholds for including ecosystem services. These
footholds are available for agency reviewers today, but should be
expanded to advance more directly the state of knowledge of eco-
logical economics. This article examines the footholds and offers
recommendations for strengthening them. Recent developments
in ecological economics and guidance encouraging new ways of ap-
proaching environmental impacts should be mutually reinforcing.
Guidance should create a demand for information that will spur
continual advances in measuring ecosystem services. And, new
techniques for valuing ecosystem services should inform and im-
prove environmental impact analysis.
There are several sources of authority that would support the
EPA's insistence that ecological services should be evaluated by ac-
tion agencies-i.e., agencies that prepare NEPA documents-in
the NEPA process. First, there are the statutes, including NEPA
and the Clean Air Act. Second, the Council on Environmental
Quality (CEQ) regulations bind all federal agencies and provide a
uniform fi-amework for environmental analysis. The CEQ regula-
tions, strictly read, might be interpreted to mandate that agencies
use the tools of ecological economics as the best scientific informa-
tion about impacts and alternatives. Third, most action agencies
have their own set of regulations to implement NEPA. Those regu-
lations must be consistent with the CEQ regulations, but they are
beyond the scope of this article because of their limited jurisdic-
tion. Instead, this article will focus on the documents that the EPA
employs to interpret the requirements of environmental analysis
under the CEQ regulations. Rather than promulgating regulations,
the EPA develops guidance documents that steer EPA review and
inform action agencies what to expect in an EPA NEPA evaluation.
2001]
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The EPA guidance directs most of the agency's attention to the
issue of mitigation in EISs. Ecosystem services valuation will aid in
the evaluation and monitoring of corrective actions for significant
environmental impacts.
Though action agencies are not required to comply with EPA
guidance, the EPA has leverage in shaping other agencies' environ-
mental analyses. This leverage derives, in part, from the EPA's abil-
ity to jawbone and elevate disputes to the President's Council on
Environmental Quality. Also, critical comments from the EPA in
the administrative record may make an action more difficult to jus-
tify in a court exercising judicial review.
The changes in EPA guidance for EIS review over the past
dozen years track a larger shift in what we value in nature. The EPA
has moved from a more simple, static, structural view of biodivers-
ity as the centerpiece of ecological value to a more dynamic frame-
work. The theme of valuing ecosystem functions, and ecosystem
health or integrity to sustain those functions, dominates the recent
guidance. The ecosystem functions approach focuses on flux
through the natural world over time and reflects some of the cur-
rent intellectual trends in ecology.15
The most recent trend to consider ecosystem services, just
emerging in the EPA guidance, applies utilitarian valuation tech-
niques to ecosystem functions. Perhaps this development indicates
a growing realization that we and our livelihoods are not removed
from but rather entwined with nature. This holism promises a
homecoming for NEPA's vision of people and nature existing in
"productive harmony." 6 On the other hand, perhaps the rise in
ecosystem services valuation reflects the final, anthropocentric de-
valuation of any part of nature for which we cannot see tangible
human benefits. Do the terms of the market now so dominate our
discourse that we do not see the world in any other way? 17
15. See Fred P. Bosselman & A. Dan Tarlock, The Influence of Ecological Science on Ameri-
can Law: An Introduction, 69 CHi.-KENr L. REv. 847 (1994);Jonathan Baert Wiener, Law and
the New Ecology: Evolution, Categories, and Consequences, 22 EcoLoGy L. Q. 325, 352 (1995); see
generally DANIEL B. BOTKIN, DISCORDANT HARMONIES: A NEW ECOLOGY FOR THE TWENTrrv-
FIRST CENTURY (1990); DONALD WORSTER, NATURE'S EcoNoMY. A HISTORY OF ECOLOoIA'L
IDEAS (2d ed. 1994).
16. 42 U.S.C. § 4331(a) (1994).
17. To be fair to Gretchen Daily and other prominent promoters of valuing ecosys-
tem services, I have encountered no advocates who argue that ecological economics should
displace other modes of decision-making. Instead, ecological economics offers a model for
including ecosystem services in those situations where we are already reckoning the costs
and benefits of alternative courses of action.
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Part II of this article describes the statutory and regulatory
foundation for the EPA's role in assisting and policing action agen-
cies in their efforts to analyze environmental impacts. This founda-
tion, laid by Congress and the CEQ along with a key CEQ
interpretive report, provides a solid basis for the EPA to promote
the use of ecosystem services valuation tools. Part III of the article
outlines the procedures the EPA has established to implement its
EIS review responsibility. Part IV examines in detail the series of
documents dealing with ecological impacts that the EPA has pre-
pared to guide EPA reviewers in conducting their evaluation of
EISs. These guidance documents provide the basis for the EPA to
play a more active role in promoting the integration of valuation
tools for ecosystem services into environmental impact analysis.
The article concludes in Part V with a set of recommendations.
I. SOURCES OF NEPA L~w
This part reviews how two statutes establish the EPA's role in
evaluating EISs. Through simple yet open-ended delegations, Con-
gress designed a system of divided responsibility for environmental
impact analysis. The CEQ then developed a comprehensive set of
regulations that elaborated considerably on the sparse details of
the statutes. Finally, a key CEQ report in 1993 charted a path for
incorporating into EISs new information and concerns arising
from developments in ecology and conservation biology.
A. NEPA and the Clean Air Act
The EPA derives its role in evaluating the environmental im-
pact analyses prepared by federal agencies from two statutes, the
National Environmental Policy Act (NEPA) and the 1970 Amend-
ments to the Clean Air Act. This section briefly describes this statu-
tory authority.
1. NEPA.
Widely considered to be the founding statute of the modem
era of environmental law, NEPA declared Congress' policy on envi-
ronmental conservation, established a procedure (often referred
to as an "action-forcing mechanism") to ensure that agencies abide
by the national environmental policy, and created the Council on
Environmental Quality. In contrast to the subsequent statutory
hallmarks of the modem era, NEPA is light on its feet. NEPA is
brief, sets out very broad, general requirements, and is oriented
03
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toward promoting better information about the relationship be-
tween humans and our environment. Due in large part to the stat-
ute's flexible, skeletal structure, Congress seldom has amended or
revised NEPA, and then only in minor ways.
The substantive mandate. Section 101 of NEPA contains the
substantive policy declaration of the Act. Although the EIS require-
ment of NEPA applies to a broad range of agency activities (major
federal actions significantly affecting the quality of the human envi-
ronment), the substantive mandate of NEPA has an even more ex-
pansive domain. It affirmatively calls upon agencies "to use all
practicable means and measures"'18 to achieve certain goals and
also sets out six criteria with which to determine whether federal
"plans, functions, programs and resources"'19 meet the desired na-
tional environmental goals. The Supreme Court has been consist-
ently clear in holding that courts will not enforce the substantive
terms of this section against agencies.2" However, the substantive
NEPA policy remains federal law, which agencies are bound to fol-
low regardless of whether judicial review is available. Indeed, NEPA
itself mandates that agencies interpret and administer their author-
ities "to the fullest extent possible" in accordance with the substan-
tive policies.2 James McElfish, an Environmental Law Institute
Senior Attorney, has highlighted this language to argue that the
substantive parts of NEPA "are not mere sentiments, but positive
law, binding on . . .all federal agencies. '12 2 Thus, the substantive
provisions of NEPA are important both as direct mandates for the
EPA and as goals that the EPA can aid other agencies in achieving.
The substantive mandate of NEPA has two parts. Both support
the EPA's drive to apply ecosystem service valuation to environ-
mental decision-making. First, the statute declares federal policy to
"use all practicable means and measures, including financial and
technical assistance, in a manner calculated ... to create and main-
tain conditions under which man and nature can exist in produc-
tive harmony."23 This part of NEPA's substantive mandate is
18. 42 U.S.C. § 4331(a) (1994).
19. Id. § 4331(b).
20. See, e.g., Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 350 (1989);
Strycker's Bay Neighborhood Council v. Karlen, 444 U.S. 223, 227-228 (1980); Vermont
Yankee Nuclear Power Corp. v. Natural Resources Defense Council, 435 U.S. 519, 558
(1978); WILLAM H. RODGERS, JR., ENVIRONMENTAL LAW 862-65 (2d ed. 1994).
21. 42 U.S.C. § 4332(1).
22. James McElfish, Back to the Future, ENvrL. FORUM, Sept./Oct. 1995, at 14-15.
23. 42 U.S.C. § 4331(a).
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particularly relevant to EPA's role in promoting the development
of the tools of ecological economics because the determination of
whether a proposed action would disrupt, maintain, or create a
condition of productive harmony may well turn on how well ecosys-
tem services are maintained or replaced. The use of the term "pro-
ductive" to modify "harmony" suggests a relationship where nature
is contributing to social welfare. Quantifying this contribution
would better inform agencies on how well they are meeting the
substantive mandate of NEPA.
Second, the statute declares that "it is the continuing responsi-
bility of the Federal Government to use all practicable means, con-
sistent with other essential considerations of national policy, to
improve and coordinate Federal plans, functions, programs, and
resources to the end that the Nation may" meet six stated goals.
21
Better information about the marginal benefits of ecosystem ser-
vices would help agencies accurately determine whether they have
fulfilled these goals, especially their mandate to:
(1) fulfill the responsibilities of each generation as trustee of the
environment for succeeding generations;
(2) assure for all Americans safe, healthful, productive, ...
surroundings;
(3) attain the widest range of beneficial uses of the environment
without degradation, risk to health, or other undesirable and
unintended consequences;... and
(4) enhance the quality of renewvable resources ....
The first goal creates a fiduciary duty to future generations. Fulfil-
ling such a duty requires us to understand what ecosystem services
that we currently take for granted might be impaired in the future.
In contrast to a common notion of the environment as an inert,
static backdrop to human activities, the second goal characterizes
the environment as something that actively produces value for
humans. The ecological economic valuation tools provide mea-
sures for determining the productivity of the environment. The
third goal speaks to cost-benefit balancing. Valuation of ecosystem
services improves our ability to account for undesirable and unin-
tended consequences of actions. An accurate accounting of the net
costs and benefits of a proposal must include ecosystem services.
Finally, the sixth goal requires an assessment of the quality of re-
newable resources. One component of that quality is the ability of a
24. Id. § 4331 (b).
25. Id.
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renewable resource actually to sustain a stream of services. Identify-
ing and measuring those services is the chief challenge that the
ecological economists are answering.
The procedural mandate. As I explore below, the EPA has a
special mandate to bring these substantive criteria to bear on the
EIS. Nonetheless, the practice of NEPA focuses largely on procedu-
ral concerns. Despite their holistic and farsighted qualities, the sub-
stantive mandates of NEPA are peripheral to current litigation and
administration of NEPA. Agencies are concerned primarily with
how to engage in an adequate environmental impact analysis, not
whether a proposed course of action meets the substantive criteria
of NEPA.
Although the environmental impact statement is the most cele-
brated procedural innovation of NEPA, it is not the only procedu-
ral requirement. Section 102 of NEPA describes eight distinct
procedural requirements. Four stand out as particularly important.
First, NEPA requires agencies to "utilize a systematic, interdiscipli-
nary approach which will insure the integrated use of the natural
and social sciences.., in decisionmaking. ' 26 The emerging tools of
ecological economics appear tailor-made to fulfill this integrative
mandate.
Second, and bolstering the first, NEPA requires that agencies
"initiate and utilize ecological information in the planning and de-
velopment of resource-oriented projects. '27 The mandate to "initi-
ate" information can support, as part of the NEPA process, further
research into how ecosystems provide services. And, of course,
agencies may be compelled to consider the consequences of their
actions on ecological services when information suggests signifi-
cant impacts. Longtime CEQ General Counsel, Dinah Bear, has
noted that some early NEPA litigation implied that the adequacy of
an EIS might depend, in part, on how well the agency explored
this ecological information.
28
Third, agencies must "identify and develop methods and proce-
dures . . .which will insure that presently unquantified environ-
mental . . . values may be given appropriate consideration in
26. Id. § 4332(2) (A).
27. Id. § 4332(2) (H).
28. See Dinah Bear, Using t1w National Environmental Policy Act to Protect Biological Diver-
sity, 8 TUL. ENvr. L.J. 77, 82 (1994) (citing Citizens Against Toxic Sprays v. Bergland, 428
F. Supp. 908 (D. Or. 1977) and Nat'l Helium Corp. v. Morton, 361 F. Supp. 78, 95 (D. Kan.
1973)).
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decisionmaking along with economic ... considerations."9 This
mandate strongly endorses the valuation techniques that are cur-
rently at the cutting edge of the field. The measurement of ecosys-
tem services is a developing method to better incorporate all
relevant considerations in decision-making. Section 102(2) (B) of
NEPA requires agencies to contribute to this development.
Fourth, of course, NEPA requires an environmental impact
statement for "major Federal actions significantly affecting the
quality of the human environment."3 0 The statute lists five issues
that all such statements must address:
(i) the environmental impact of the proposed action,
(ii) any adverse environmental effects which cannot be avoided
should the proposal be implemented,
(iii) alternatives to the proposed action,
(iv) the relationship between local short-term uses of man's en-
vironment and the maintenance and enhancement of long-
term productivity, and
(v) any irreversible and irretrievable commitments of resources
which would be involved in the proposed action should it
be implemented. 31
Although the valuation of ecosystem services could aid in the analy-
sis of any of these five issues, it is the fourth issue, concerned with
the long-term productivity of the environment, which has the
strongest connection to the work of the ecological economists. It is
the long-term productivity of soils, waters, and habitats that provide
the services, such as pollution assimilation, that these researchers
seek to quantify.
The EPA does prepare some statements under section 102 of
NEPA, but this is not the focus of the agency's NEPA program.Y
Although most of the EPA's activities do affect the quality of the
human environment, Congress and the courts have exempted
most EPA programs from the procedural requirements of NEPA.33
29. 42 U.S.C. § 4332(2) (B).
30. Id. § 4332(2) (C).
31. Id.
32. For research and development activities, facilities construction, wastewater treat-
ment construction grants under the Clean Water Act, new source National Pollutant Dis-
charge Elimination System permits, and certain miscellaneous projects funded through
EPA appropriations, the agency is legally required to comply ith NEPA. &e 63 Fed. Reg.
29,019 (Oct. 29, 1998). The EPA implements the NEPA requirements through its regula-
tions applying the CEQ rules at 40 C.F.R. Part 6, and voluntarily conducts environmental
impact analysis under the NEPA rules for certain proposed actions described in its Policy
and Procedures for Voluntary Preparation of NEPA Documents. See iiL
33. Courts have found that many EPA activities that involve environmental review
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Instead, EPA's primary role under NEPA is to assist other agencies
(the action agencies) in their efforts to comply with NEPA, and to
review the results of their efforts.
2. Clean Air Act.
Just a year after the passage of NEPA, Congress enacted section
309 of the Clean Air Act, requiring the EPA to review and com-
ment on the environmental impacts of "any matter relating to du-
ties and responsibilities granted" under federal statutes delegating
authority to the EPA. 4 This requirement extends the more general
NEPA command that action agencies "consult with and obtain the
comments of any Federal agency which has jurisdiction... or spe-
cial expertise with respect to any environmental impact involved.I
The EPA role can be traced to the view that "mission-oriented
agencies" should be subject to the oversight of a specialized envi-
ronmental agency.3 6 Senator Muskie, the chief sponsor of section
309, interpreted the EPA's role even more broadly during the con-
firmation hearings for Administrator William Ruckelshaus. Muskie
told Ruckelshaus that section 309 "makes you a self-starter, when-
ever you, unilaterally, see an environmental risk. You are given the
responsibility to raise the red flag.""7
In addition, section 309 of the Clean Air Act requires that when
the EPA determines that a proposed action of a federal agency "is
unsatisfactory from the standpoint of public health or welfare or
environmental quality, . . . the matter shall be referred to the
and public participation already provide for the "functional equivalent" of NEPA review
and therefore are not subject to the EIS requirement. See, e.g., Merrell v. Thomas, 807 F.2d
776 (9th Cir. 1986), cert. denied, 484 U.S. 848 (1987) (no EIS necessary for EPA registration
of pesticides); Portland Cement Ass'n v. Ruckelshaus, 486 F.2d 375 (D.C. Cir. 1973), cert.
denied, 417 U.S. 921 (1974) (no EIS necessary for EPA adoption of air pollution standards).
Congress has explicitly created exceptions to NEPA's EIS requirement for certain EPA
actions. See 15 U.S.C. § 793(c) (1) (1994) (no EIS necessary for any action under the Clean
Air Act); 33 U.S.C. § 1371 (1994) (no EIS necessary for any action under the Clean Water
Act except for issuance of wastewater treatment construction grants and new source dis-
charge permits).
34. 42 U.S.C. § 7609(a).
35. Id. § 4332(2)(C).
36. S. REP. No. 91-1196, at 43 (1970). This and other legislative history is discussed in
FREDERICK R. ANDERSON, NEPA IN THE COURTS 229-32 (1973).
37. S. REP. No. 91-1196, at 45 (1970). The legislative history supports a broader read-
ing of the EPA's authority under section 309 that extends even to impacts that only indi-
rectly relate to matters arising under EPA's statutes. S. REP. No. 91-1196, at 66 (1970)
quoted in Martin Healy, The Environmental Protection Agency's Duty to Oversee NEPA's Implemen-
tation: Section 309 of the Clean Air Act, 3 ENvrL. L. REP. (ELI) 50071, 50074 (1973).
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Council on Environmental Quality."38 The Council is an agency
created by NEPA in the Executive Office of the President. In addi-
tion to preparing annual reports, the Council investigates and me-
diates environmental disputes between agencies. Where conflicts
arise between agencies, Council rules establish a process for han-
dling referrals from the EPA and from other federal agencies."9
The rules encourage agencies to make concerted efforts to resolve
their NEPA disputes informally ° and limit the CEQ to resolving
referrals only for those interagency disputes that rise to the level of
national importance.4 1 The rules establish a timetable under which
the EPA submits referrals, the action agency responds, and the
CEQ takes action. The CEQ may initiate discussions, hold public
meetings, require further negotiations between agencies, publish
findings and recommendations, or submit a recommendation to
the President.42
Referrals under section 309 are rare.4" And, unlike the
102(2) (C) procedural requirements of NEPA, the section 309 re-
view program has generated little litigation.44 Still, the EPA can
and does alter action agency analysis and behavior. The few court
opinions that do address section 309 accord great deference to the
EPA determinations.4" Alaska v. Andrus,46 for instance, discusses
the obligation of action agencies to respond to EPA concerns. In
dictum, the court stated that an EPA determination that a pro-
posed oil and gas lease program was environmentally unsatisfactory
gives rise to a "heightened obligation" for the action agency to "ex-
plain clearly and in detail its reasons for proceeding."4" The court,
38. 42 U.S.C. § 7609(a).
39. See 40 C.F.R. §§ 1504.2, 1504.3 (1999).
40. See id. § 1504.2.
41. See id §§ 1504.3(c) (2) (iv), 1504.3(f) (4). An unreconciled disparity e'ists here be-
cause section 309 requires the EPA to refer to the CEQall unsatisfactory matters regardless
of whether the environmental issue is of national or more limited importance.
42. See id. § 1504.3(f).
43. As of 1998, the CEQ had received only twenty-four referrals. Anne Norton Miller,
NEPA and the 309 Process, in ENVWRONNIENTAL LwPAaTr AssEsssme'rr NEPA ,ND RELA T Rr.
QuiREwENTs 239, 252 (Am. Law Inst. & Am. Bar Ass'n. eds., 1998). By 1999, the number
had risen to twenty-six. E-mail from Jim Serfis, Environmental Protection Specialist, U.S.
EPA, to author, Apr. 4, 2000 (on file with author). See also COUNCIL ON E. TL. Q.LTrrv.
EmwRoNwENrrAL QuALrr 1986 at 248 (17th Annual Report, 1988).
44. See DANImL R. NMWsauER, NEPA Law AND LrnG.,%ioN §§ 2.08-2.09 (1991).
45. See, eg., Massachusetts v. Andrus, 594 F.2d 872 (1st Cir. 1979) (concerned about
Tridentv. Schlesinger, 400 F. Supp. 454 (D.D.C. 1975), Sierra Club v. Morton, 379 F. Supp.
1254 (D. Colo. 1974)).
46. 580 F.2d 465 (D.C. Cir. 1978).
47. Id. at 475 n.44.
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while finding that a section 309 adverse determination created an
additional burden for the action agency, did not precisely define
the nature of the burden.
48
Although referrals are rare, the EPA has reviewed approxi-
mately 25,000 draft and final EISs under its section 309 program. 9
Because such a wide range of proposed actions affecting ecosystem
services funnel through section 309 review at the EPA, this pro-
gram offers tremendous potential for leveraging changes in envi-
ronmental impact analysis and spurring innovations in valuation
tools.5" The section 309 review program in the EPA is the focus of
this article.
B. The CEQ Regulations
Because NEPA is written in such broad, sketchy terms, the CEQ
regulations, which provide detailed instructions for fulfilling the
NEPA procedural mandate, now dominate action agency practice
and litigation. The CEQ regulations provide the authoritative
framework for NEPA compliance because they are clearly organ-
ized and well written, and, more importantly, because NEPA itself
offers so little specific instruction on how agencies are to comply
with the statute. Though NEPA does not explicitly authorize the
CEQ to promulgate regulations governing agency compliance with
NEPA, courts generally find them binding.5' Action agencies them-
selves implement the CEQ framework through agency-specific reg-
ulations, guidelines, and handbooks.
The EPA guidance, analyzed in Part IV, does not focus on the
enforcement of the CEQ regulations. Instead, it focuses on review-
ing the EPA's own priorities, based on its section 309 authority.
48. Id. In subsequent litigation over federal oil and gas leasing, the same court de-
scribed the agency's failure to respond to EPA's section 309 concerns over cumulative im-
pacts in finding that the EIS failed to comply adequately with the requirement of
cumulative impact analysis. See Natural Resources Defense Council v. Hodel, 865 F.2d 288,
298-300 (D.C. Cir. 1988).
49. U.S. ENVrL. PROTECTION AGENCY, OFFICE OF ENFORCEMENT & COMPLIANCE ASSUiR.
ANCE, EPA's SECTION 309 REvEW: THE CLEAN AIR Acr AND NEPA 3 (1999).
50. See William L. Andreen, In Pursuit of NEPA 's Promise: The Role of Executive Oversight
In the Implementation of Environmental Polity, 64 IND. L.J. 205, 231 (1989) (noting the EPA's
central position as a checkpoint for assessing the impacts of other agencies' actions). An-
dreen also suggests reform of the CEQ regulations to further strengthen the EPA's role. Id.
at 258.
51. See, e.g., Robertson v. Methow Valley Citizens Council, 490 U.S. 332 (1989) (defer-
ring to CEQ's reinterpretation of NEPA in a rule modifying the original NEPA regula-
tions); Andrus v. Sierra Club, 442 U.S. 347, 358 (1979) (giving "substantial deference" to
the CEQ's interpretation of NEPA). See generally MANDELI R, supra note 44, at § 2.06[3].
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Those priorities certainly fit within the structure of the CEQ regu-
lations, which are more squarely in the mainstream of NEPA law.
However, because the EPA does not stress the linkage to the CEQ
regulations, it misses an important opportunity to strengthen and
integrate important, cutting-edge issues, such as ecosystem services
valuation.
This section discusses the two CEQ regulations that offer the
strongest basis for promoting ecological economics. These are reg-
ulations that the EPA should revisit and incorporate into its gui-
dance. Although the EPA should develop guidance that more
directly stresses and describes compliance with the CEQ regula-
tions, the EPA has not completely ignored the requirements of the
CEQ regulations in evaluating EISs and recommending project
and analysis modifications. The EPA has, for instance, played an
important role in advancing the application of cumulative impact
analysis in certain areas.52
1. Incomplete or unavailable information.
One of the most powerful aspects of environmental impact
analysis under NEPA is that it "impose[s] on agencies an affirma-
tive obligation to seek out information concerning the environ-
mental consequences of proposed federal actions." 3 This
obligation is important to ecological economics in two ways. First, it
requires agencies to apply information generated in ecological eco-
nomic studies to analyses of impacts and alternatives. This practical
application exposes the valuation methods to public debate and
interdisciplinary evaluation, and helps refine the methods in re-
sponse to decision-making needs. Second, the obligation to seek
out new information can serve to generate the demand (and
funds) for more work in the field.
Under the CEQ regulation, a basic duty of an action agency is
to make clear when information is lacking in the evaluation of rea-
sonably foreseeable significant adverse effects in an EIS. The
CEQ regulation specifically addresses two situations involving in-
complete or unavailable information. In the case where relevant
information "is essential to a reasoned choice among alternatives
and the overall costs of obtaining it are not exorbitant," the agency
52. See, eg., Natural Resources Defense Council v. Hodel, 865 F.2d 288,298-300 (D.C.
Cir. 1988).
53. Alaska v. Andrns, 580 F.2d 465, 473 (D.C. Cir. 1978).
54. See 40 C.F.R § 1502.22 (1999).
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must include the information in the EIS.55
Alternatively, in the case where "the information relevant to
reasonably foreseeable significant adverse impacts cannot be ob-
tained because the overall costs of obtaining it are exorbitant or
the means to obtain it are not known," the agency is required to
explain the significance of the missing information and include
discussion of several issues in its EIS.56 These issues include a sum-
mary of existing credible scientific evidence and the "agency's eval-
uation of . . . impacts based upon theoretical approaches or
research methods generally accepted in the scientific commu-
nity."57 So, even if valuation techniques are unable to generate di-
rect information about services, such as pollution assimilation, at a
non-exorbitant cost, surrogates tied to the service by theory, such
as microorganisms associated with the biodegradation of toxic
materials, might become an essential element in environmental
impact analysis.
Action agencies may have an additional incentive to use the
most up-to-date valuation techniques in their EISs. The CEQ regu-
lations require an agency to prepare a supplement to an EIS when
it discovers significant new information bearing on the proposed
action.5  Preparing a supplemental EIS is a resource- and time-in-
tensive process that agencies generally prefer to avoid. Therefore,
agencies should want to incorporate in an EIS any techniques on
the verge of acceptance that are likely to generate significant new
information. In practice, however, agencies often stick with more
familiar analytical techniques that they have used before.
2. Cumulative impacts.
All EISs must analyze cumulative impacts,-9 which represent the
most distant horizon of reasonably foreseeable effects. Cumulative
impact analysis has always been a great challenge for EIS prepara-
tion. Ecosystem services can broaden the scope of cumulative anal-
ysis by defining the reasonably foreseeable horizon, and can
contribute to making predictions about the type and extent of the
impacts.
The CEQ regulations define "cumulative impact" as the impact
55. Id. § 1502.22(a).
56. Id. § 1502.22(b).
57. Id. § 1502.22(b).
58. See id. § 1502.9(c)(1)(ii).
59. See id. § 1508.25.
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on the environment which results from the incremental impact of
the action when added to other past, present, and reasonably fore-
seeable future actions, regardless of what agency (federal or non-
federal) or person undertakes such other actions.60 Cumulative im-
pacts can result from individually minor but collectively significant
actions taking place over some period of time.61 Indeed, "the most
ecologically devastating environmental effects may result not from
the direct effects of a particular proposal, but from the combina-
tion of existing stresses and . . . multiple actions over time."6'
Ecosystem services valuation may highlight cumulative impacts,
which often quietly but steadily mount, escaping our notice. The
regulations define effects to include ecological impacts relating to
"the components, structures, and functioning of affected
ecosystems."63
The key concept limiting the EIS analysis of cumulative impacts
is "reasonably foreseeable." To the extent that better valuation of
ecosystem services extends the reasonably foreseeable horizon, the
use of ecological economic techniques may be crucial in defining
the scope of the EIS. This horizon may be defined on both tempo-
ral and spatial scales. As a former CEQ Senior Policy Analyst noted:
"Many times there is a mismatch between the scales at which envi-
ronmental impacts occur and the scales in which decisions are
made, which is a significant obstacle to cumulative impact analy-
sis." Virtually all environmental impact analyses struggle to assess
adequately cumulative effects with minimal information on the en-
vironmental baseline. This assessment must describe the changes
that have already occurred in an area, and predict the reach of
future effects.65 Ecosystem services valuation has the potential to
provide a framework for data-gathering and analysis where little
currently exists.
The establishment of an environmental baseline combines both
the CEQ requirements to obtain information and address cumula-
tive impacts. Once the study area is defined, the agency should col-
lect baseline environmental data, determine gaps in the data, and
60. See id § 1508.7.
61. See i&
62. Edivard R_ Clark, Cumulative Effects Analysis in the AERA Ptvce-% in NEPA, Ecos .
Tmt ANALvms, "ND ENVIRONMENTAL iMPACr AsSESSMENT 657, 659 (Am. Law Inst. & Am. Bar.
Ass'n eds., 1994).
63. 40 C.F.R. § 1508.8 (emphasis added).
64. Clark, supra note 62, at 660.
65. See id at 658, 664.
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design methods for collecting missing data. It must ensure that the
analysts have access to data that will allow them to assess "past, pre-
sent, and reasonably foreseeable" effects.66 The analyst may need
habitat inventories, water quality surveys, and studies of social and
economic patterns in a community. In some cases the collection of
data may require sampling over four seasons or longer periods to
ensure an understanding of the existing community social interac-
tions, socioeconomic state, environmental conditions, or ecosystem
processes.67 Historical data can sometimes be used to supplement
the baseline database.
Ecosystem services valuation would help generate some of these
baseline data, particularly for ecosystem processes, such as nutrient
cycling or water purification. In a programmatic EIS, which will be
less site-specific than a project-level EIS, the current state of ecolog-
ical economics, which is stronger in aggregating values over large
areas than in marginal analysis for individual plots, may be even
more helpful in establishing a baseline of service valuations from
which to project likely future cumulative effects.
Identifying what information is needed to examine effects re-
mote in space or time can be accomplished through scoping 6 8 The
CEQ regulations define scoping as the "early and open process for
determining" the range of issues to be addressed in the NEPA pro-
cess. 69 Early identification of the issues allows agencies to acquire
appropriate models for assessing cumulative effects and determine
what information will be needed to use those models .7 As a hub
for guidance on EIS development, the EPA may play an important
facilitating role in identifying key cumulative effects and suggesting
appropriate environmental analyses. The valuation of ecosystem
services may help in detecting effects and providing these analyses.
C. The CEQ Biodiversity Report
In the early 1990s, the CEQ responded to growing concerns
about conservation of biological diversity as a key environmental
issue.7 1 The CEQ conducted a series of hearings and produced an
66. See 40 C.F.R. § 1508.7 (1999).
67. See Clark, supra note 62, at 660 (quoting 40 C.F.R. § 1508.7).
68. See COUNCIL ON ENVrL. QUALITY, CONSIDERING CUMULATIVE EFFEGrS UNDER TIIE
NATIONAL ENVIRONMENTAL POLICY Acr 10-21 (1997) [hereinafter CEQ ON CUMULATIVE
EFFECTS].
69. 40 C.F.R. § 1501.7.
70. See CEQ ON CUMULATIVE EFFCrs, supra note 68 at 10.
71. The rise of biodiversity as a domestic environmental issue can be traced through
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advisory report on biodiversity to identify how the NEPA process
could incorporate new information and concerns. - Although the
report's recommendations are not binding on agencies, they are
particularly applicable to the EPA's activities. The CEQ report
identified ecosystem integrity and structure as important compo-
nents of biodiversity. Concerns about adverse effects on ecosystem
integrity spurred the current EPA program aimed at broadening
NEPA to better account for ecological impacts.
The 1993 CEQ report on integrating biodiversity considera-
tions into NEPA analysis established a framework for thinking
about valuing nature. This framework, which predates the recent
developments in ecological economics, is important because it es-
tablished the approach EPA has taken in subsequent years in devel-
oping guidance for section 309 review. Employing an "ecos)stem
approach," the CEQ biodiversity report focuses on biogeography,
the study of where the components of biological diversity occur.
Nonetheless, the report describes the goal of biological diversity
conservation as consisting of maintenance of "natural ecosystem
processes," as well as organisms.73 The report stresses that biodiver-
sity occurs simultaneously at different geographic scales. It suggests
that agencies devote attention to biodiversity conservation in scop-
ing, impacts analysis (especially for cumulative effects), mitigation,
and monitoring.'4 These four aspects of NEPA analysis became the
focus of the EPA guidance, discussed below.
The CEQ biodiversity report contains specific recommenda-
tions in its discussion of issues as well as general recommendations
in its conclusions. One specific recommendation with relevance to
ecological economics is the adoption of indicators that can be
monitored. Monitoring provides a means to determine whether ul-
timate goals are coming closer to fruition or retreating from view.75
The general goals of the report reinforce the importance of the
key reports, including COUNCIL ON ENvrL. QuLrnw ENVIRON.IET,%L Qtt~nm' TLnr-
Frosr ANUAL REPORT 136-40 (1991); U.S. ENvL PROT. AcGL'cv TnHLs To Btotocircu.
Dr.E-srY IN Tm UNrro STATES (1990); BioDn.Rsrr; supra note 1 (comprising proceed-
ings of a key 1986 conference sponsored by the National Academy of Science and the
Smithsonian Institution); OFFICE OF TECHt. AssEss.,tEr, U.S. Corcmss. TECn-NOLOCiWs "TO
MAINTAIN BIOLOGICAL Dnvasrry (1987).
72. COUNCIL ON ENVTL QUAL'rn, L'CORPOxIrTNG BIODIVERSrI Co-.-sinEnrno.Ns INTo
ENWIRONmNTAL IMPACT ANAL-IS UNDER TE NnoNAL EN IRONME.,Lr,%t Poucy ACT 1-.25
(1993) [hereinafter CEQ oN BIODIVERSrTY].
73. Id. at 8.
74. See id. at 20-21.
75. Id. at 21.
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EPA in spearheading innovations in environmental impact analysis.
The report recommends that, to improve consideration of bi-
odiversity in NEPA analysis, agencies follow six steps:
1. Acknowledge the conservation of biodiversity as national pol-
icy and incorporate its consideration in the NEPA process.
2. Encourage and seek out opportunities to participate in efforts
to develop regional ecosystem plans.
3. Actively seek relevant information from sources both within
and outside government agencies.
4. Encourage and participate in efforts to improve communica-
tion, cooperation, and collaboration between and among gov-
ernmental and non-governmental entities.
5. Improve the availability of information on the status and distri-
bution of biodiversity, and on techniques for managing and
restoring it.
6. Expand the information base on which biodiversity analyses
and management decisions are based.76
The EPA, in its role as central evaluator of EISs, is in an excel-
lent position to act on these recommendations in a manner that
employs the latest developments of ecological economics. The
CEQ recommendations support the creation of an EPA program
that seeks to establish criteria for good environmental practices,
sponsor new research, disseminate new information and tools of
environmental impact analysis, and coordinate efforts across
agency jurisdictions. Such actions would greatly facilitate the effec-
tive use of ecosystem valuation in the EIS process.
III. THE EPA's ENVIRONMENTAL REVIEW PROCESS
The EPA implements its section 309 and other NEPA review
responsibilities through the Environmental Review Process.77 The
Office of Federal Activities (OFA) within EPA's Office of Enforce-
ment and Compliance Assurance (formerly the Office of External
Affairs) serves as the clearinghouse for section 309 review. Al-
though regional EPA officials conduct almost all of the actual re-
views, the OFA establishes the uniform Review Process and issues
guidance to aid regional reviewers. This OFA guidance is the prin-
cipal source of EPA's interpretation of its substantive (as opposed
to procedural) review standards. Before examining the guidance
76. Id. at 23-24.
77. See OFFICE OF FED. AcnvnTIES, U.S. ENVrL. PROT. AGENCY, POLICY AND PROCEDURES
FOR THE REVIEW OF FEDERAL ACTIONS IMPACTING THE ENVIRONMENT (1984) available at http:/
/es.epa.gov/oeca/ofa/84policy.html [hereinafter OFA PoLICY AND PROCEDURES].
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documents relevant to valuation of ecosystem services, it is worth
outlining the EPA procedure for conducting an environmental
review.
The EPA review and consultation with action agencies begins
during the scoping process, an early and open effort to determine
the range of issues that an EIS will address.78 Although action agen-
cies will sometimes specifically solicit EPA views on issues and alter-
natives to be considered in an EIS, the EPA may self-initiate
scoping contributions. The EPA's procedures establish four factors
for determining the level of EPA participation in the scoping pro-
cess: EPA statutory responsibility, severity of potential impacts,
agency priorities, and available resources.
The EPA should consider adding its expertise as a factor in de-
termining how much it should get involved in scoping. Because
scoping is crucial in establishing the contours of the environmental
analysis in an EIS, the EPA should participate so that it can suggest
useful applications of ecological economics. Through its experi-
ence with biological criteria for water quality standards, wetland
functions valuation for mitigation banking, and pollution assimila-
tion in contaminated soils, the EPA should be able to contribute to
scoping. 0 In support of the expertise basis for the EPA's participa-
tion are two of the five topics that the OFA procedures cite as key
information to provide to scoping agencies: specific information
related to the area of interest, and "specific assessment techniques
and methodologies that EPA program offices use or have approved
for use."81
The EPA's principal section 309 activity is review of draft EISs.
In contrast to the CEQ's focus on process, the EPA is "primarily
concerned with identifying and recommending corrective action
for... significant environmental impacts."82 This substantive focus
establishes an important and unusual bridge between NEPA's sec-
tion 102 procedure goals and section 101 policy goals. The substan-
tive focus also sets the agenda for the OFA guidance, which stresses
mitigation. In addition to its comments on avoiding or minimizing
78. See 40 C.F.R. § 1501.7 (1999).
79. OFA Poucy AN PROCEDURES, supra note 77, at ch. 3(3) (B) (3).
80. SeeJanet S. Herman et al., Groundwater Ecosystems and ite Serite of Water Pimfica-
don, 20 SrA. Eurrn. LJ. 497 (2001);J. B. Ruhl & R. Juge Gregg, Integrating EXostn Set-
vices into Environmental Law: A Case Study of Welands Mitigation Banking, 20 Srt. Ea-. LJ.
365 (2001); Salzman, supra note 4, at 315; see also Fischman, supra note 12.
81. OFA Poucy AtN PRocvRES, supra note 77, at ch. 3(3) (C) (2), (3).
82. 1d. at ch. 4(1).
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environmental damage, the OFA procedures also charge EPA with
addressing potential environmental statutory violations, the range
of alternatives (which may require suggesting a new alternative
where significant impacts cannot be adequately mitigated through
the action agency's proposed alternatives), and the purpose and
need for the proposed action. 3
When commenting on the purpose and need for the proposed
action, the OFA manual states that reviewers may "comment on the
economic justification of the project, and the relationship between
the lead agency's economic analysis and any unquantified environ-
mental impacts, values, and amenities. The comments may also ad-
dress the technical validity and adequacy of the supporting data for
the EIS's economic analyses." 4 Although the EPA typically does
not criticize a project solely on economic grounds, the ecosystem
service valuation tools provide a basis for the EPA to act more fre-
quently under this provision. Environmental impact analyses that
fail to account properly for impacts to services may be inadequate
from the EPA's perspective not because the cost-benefit balance is
unfavorable, but because it is incomplete.
In addition to providing narrative comments, the EPA evaluates
draft EISs on two scales.8 5 One scale rates by severity the actual
environmental impacts expected in the preferred alternative. The
other scale rates the adequacy of the draft EIS itself. Poor ratings in
either category trigger follow-up consultations with the agency.
The follow-up procedures establish more formal and elaborate
consultations for the poorer scores. An unfavorable rating is a sig-
nal to the action agency (and potential plaintiffs seeking judicial
review) that there may be serious problems with its proposal or
draft EIS. The scoring of the severity of impacts illustrates the
EPA's experience with measuring environmental effects on a non-
monetary basis. The agency need not measure ecosystem services
in dollars by using market substitution measures. Alternatives in a
draft EIS may compare a service's value through the use of
surrogates.
The EPA continues to monitor the NEPA process through the
publication of a final EIS. Only those EISs that had significant is-
sues raised by the EPA at the draft stage receive detailed reviews of
83. Id. at ch. 4(3) (B)-(E).
84. Id. at ch. 4(3) (E).
85. Id. at ch. 4(4).
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the final versions."6 A final EIS that is unresponsive to significant
concerns (including inadequate information) raised by the EPA in
its draft EIS review may be a candidate for referral to the CEQ.87
In contrast to the CEQ policy, which does not address post-EIS
implementation of the project, the EPA's policy is to conduct selec-
tive, follow-up activities to ensure that action agencies filly imple-
ment mitigation measures, such as permit conditions and
operating plan stipulations.' Agencies are bound by NEPA to im-
plement mitigation measures for projects where the mitigation was
the basis for a finding of no significant impact to avert the need to
prepare an EIS.as However, the Supreme Court has found that
NEPA itself does not bind agencies to implement mitigation mea-
sures discussed in an EIS.9 0 This commitment by the EPA, there-
fore, establishes the only oversight to ensure that action agencies
abide by the mitigation plans discussed in EISs. Unfortunately, this
selective follow-up to monitor mitigation seldom occurs due to
scarce agency resources. Better monitoring of the outcome of miti-
gation is critical to adaptive management of the project at hand
and successful adoption of mitigation in future projects. For these
reasons, and because few agencies evaluate the success (or failure)
of mitigation predictions, follow-up activities should receive the
highest priority for resources within the section 309 program.
IV. THE EPA ECOLOGICAL GUmANC FOR NEPA lEIEvw
To aid regional reviewers, the OFA prepares guidance docu-
ments that explain recent trends in impact analysis and suggest
constructive ways in which a reviewer may improve EISs. The fol-
lowing sections evaluate, in chronological order, all of the gui-
dance documents prepared by the OFA since 1990 that deal with
ecological impacts.
Ecological impacts, or ecological risk, had long been neglected
by the EPA. In 1990, the EPA's Science Advisory Board recom-
mended that the Agency re-prioritize its programs to "attach as
86. Id. at ch. 6(1).
87. See discussion supra Part IIA2.
88. See OFA PoucyrN PROCEDURES, supra note 77, at ch. 7(1).
89. These situations where mitigation is part of the binding decision are often re-
ferred to as "mitigated FONSIs."
90. See Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 353 (1989). None-
theless, the CEQ regulations state that "[m]itigation and other conditions established in
the [EIS] ... and committed as part of the decision shall be implemented." 40 C.F.R.
§ 1505.3 (1999).
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much importance to reducing ecological risk as it does to reducing
human health risk."9 The EPA accepted this challenge,9 2 which
built on an earlier EPA report.93 The following guidance docu-
ments are an outgrowth of the EPA's efforts to fulfill the mandate
to exhibit more leadership on issues of ecosystem functioning and
impairment. The documents are intended to help EPA reviewers in
the regional offices conduct evaluations that reflect the rapidly ex-
panding ecological literature.
For the most part, the guidance documents simply recognize
and describe ecosystem functioning. A services approach values na-
ture not just based on what is produced but also on whether there
are humans in the area who use what is produced. However, recog-
nizing the importance of processes in ecosystem functioning is an
important foundation to understanding and assessing the services
provided by nature. One always needs to begin with ecosystem
functions before valuing services. So, to the extent that the early
guidance documents overlook the services approach, they do not
necessarily lead reviewers astray. They simply stop short of taking
reviewers through the final step in the analysis of valuing what ser-
vices the ecosystems generate while functioning.
The guidance documents reflect a trend that follows develop-
ments in the field of ecological economics. Throughout the 1990s,
the OFA guidance has steadily increased its emphasis on evaluating
impacts on functions that produce the most critical or easily mea-
sured services. From 1990 through 1993, the OFA guidance pro-
vided little background on services. The early documents do not go
far beyond ecosystem structure and function. Even where the gui-
dance does raise issues of service valuation, such as in describing
the compensation element of mitigation, it fails to include tech-
niques for comparing values. By 1994, the guidance increases its
emphasis on the quantification of what mitigation should be con-
sidered adequate for a proposed action. The most recent guidance
document gives greater stress to ecological functions that provide
key services, such as beach replenishment, flood control, nutrient
cycling, and purification services. By 1999, quantification of func-
91. SCIENCE ADVISORY BOARD, U.S. ENVrL. PROT. AGENCY, REDUCING RISK: SETTING PRI-
ORITIES AND STRATEGIES FOR ENVIRONMENTAL PROTECTION 6 (1990).
92. See, e.g., Philip Shabecoff, Report Says E.P.A. Neglects Ecology, N.Y. TiNtEs, Oct. 2,
1990, at A19; William K Reilly, U.S. EPA Administrator, Address at EPA Senior Executive
Service Dinner (Sept. 25, 1990).
93. The SAB report reacted favorably to the EPA's conclusions in U.S. ENVrL. PROt.
AGENCY, UNFINISHED BUSINESS (1989).
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tions and services is an important part of EPA guidance. All this
reflects a clear trend in the EPA guidance toward greater use of
ecological economics and the ecosystem services approach.
A. Early Efforts
Early efforts by the OFA to provide regional EIS reviewers ith
a framework for better evaluation of ecological concerns resulted
in two guidance documents: Status and Trends of TerTestrial Environ-
ments: The Role of Federal Activities,9 4 published in 1990; and Cheddist
for NEPA Reviewers-Non-Coal Mine Sites,95 published in 1991.
Though these documents never progressed beyond draft status,
OFA officials regard the guidance as complete and operative. 6
The Non-Coal Mine Sites guidance is principally a primer for
non-specialists on the extraction, beneficiation, and processing op-
erations associated with mining. The bulk of the guidance is dedi-
cated to defining terms, describing operations, and explaining
typical pollution problems. Throughout the guidance, the EPA
highlights adverse impacts to "community structure and function,"
including changes in biodiversity.97 However, the guidance does
not discuss ways to assess the services lost as a result of such adverse
impacts.
In addition to a description of the adverse environmental im-
pacts of mining, the guidance suggests general mitigation mea-
sures for different types of operations in one section and lists
questions that EPA reviewers should ask in another. Neither of
these sections focuses on the issue of ecosystem services. The only
biological service the guidance cites is biological treatment for c)a-
nide solutions remaining from leaching operations.98 Incorporat-
ing ecological economics into this guidance would highlight the
biological treatment services performed by the affected
environment. 99
The Non-Coal Mine Sites guidance calls for consideration of
94. U.S. ENvrr. PROT. AGENCY, STATUS AND TRENDS OF TERRisrm.%z EMIRoN.ITrs:
THE ROLE OF FEDERAL AcrlvmES (DRAFr) (1990) [hereinafter EPA ON TER~s ruLu
ENIRONMENTS].
95. U.S. ENvnl. PROT. AGcF-,'c CHECKLISr FOR NEPA RE 0EWEt-NoN-Co.,L MrE
SITEs (DRAFr) (1991) [hereinafter EPA ON NoN,-CoAt. MINE SrrEs].
96. See E-mail from Jim Serfis, Environmental Protection Specialist, U.S. EPA to au-
thor (Nov. 30, 2000) (on file with author).
97. See, eg., EPA ON NoN OCAL MINE Srrms, supra note 95, at 8, 25.
98. a at 26.
99. See Herman et al., supra note 80, at 485-88.
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"post-mining land use" for most operations as part of the evalua-
tion of mitigation."' 0 A comparison of pre- and post-mining land
use' 01 based, in part, on the ecosystem services provided, could
change the results of analyses that view undeveloped land as non-
producing and unused. In this way, the ecological economic ap-
proach would require greater mitigation efforts to compensate for
a wider range of services lost to mining.
The Terrestrial Environments guidance is much broader in its
scope than the Non-Coal Mine Sites document. The Terrestrial En-
vironments guidance reviews the status of terrestrial environments,
describes the practices that cause habitat loss in those environ-
ments, links the practices to federal programs, and categorizes
problems by EPA region. As with all the EPA guidance for NEPA
reviewers, the principal aim of the Terrestrial Environments report
is to promote good mitigation practices. 10 2 The secondary objective
of the report is to educate reviewers so that they may better grasp
the current scientific sources for evaluating impacts. 10 3 The bulk of
the report is a compendium of information on the status of ecosys-
tem types. Little of the report addresses analytic questions about
assessing values or impacts. Nonetheless, the report does recognize
that the section 309 review process is the only mechanism available
to EPA to address many important ecological risks. 10 4 The gui-
dance thus served as an early basis for beginning to recognize and
respond to threats to ecosystem services.
Although the Terrestrial Environments guidance describes dif-
ferent scales at which natural systems may be characterized, the re-
port focuses on vegetation-based ecosystem types. The guidance
lists fifteen of these ecosystem types, including northern mixed for-
est, eastern deciduous forest, tall-grass prairie, Rocky Mountain for-
est, and tundra. 10 5 In contrast, smaller scale habitats that occur in
many ecosystem types, such as wetlands, caves, and cliffs, are not
discussed in the report. This makes the Terrestrial Environments
guidance most useful for programmatic EISs evaluating impacts
that are felt across large areas (landscapes). Examples would in-
clude proposed agency grazing or oil/gas leasing programs. An-
other, more specific, example would be the Forest Service's recent
100. EPA ON NoN-COAL MINE SITES, supra note 95, at 31, 39.
101. Id. at 40, 44.
102. EPA ON TERRESTRIAL ENVIRONMENTS, supra note 94, at 2.
103. Id.
104. Id. at 69.
105. Id. at 5-8.
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Sierra Framework for managing 11.5 million acres of Sierra Nevada
forest resources.
10 6
The strongest connection between the concerns of the Terres-
trial Environments guidance and the valuation of ecosystem ser-
vices is an element common to all habitats, ecosystem function.'
0 7
Although the report does not define ecosystem function, it does
list energy flow, nutrient cycling, and resilience as examples of
functions."0 " The valuation of nature's services may be an impor-
tant measure of how well ecosystems are functioning and how well
mitigation measures will perform. The guidance identifies ecosys-
tern function as an ecological value in the section reviewving ecosys-
tem types, and then cites ecosystem function as an important
component in describing the impacts of eight common practices
covered by EISs, including conversion of land for transportation
purposes, grazing practices, and water management.
The most detail the guidance offers of services is a narrative
description of functions that falls short of making good use of cur-
rent science to measure the extent of the functions. For instance,
the ecological impacts of grazing practices are described in general
terms as lowered nitrogen availability in soils, destabilization of
streambanks, and retardation of nutrient filtration.1'0 The gui-
dance describes functions of forests threatened by timbering prac-
tices as the regulation of waterflows, stabilization of soils, and
maintenance of water purity." 0 In the case of timbering practices,
the guidance provides the only quantification of ecosystem func-
tions in the report by citing studies that examined erosion and sed-
imentation rates in Oregon and northern California logging sites.
Other functions mentioned in the report are not quantified and
the report lacks an explanation of how those functional losses may
be translated into service costs.
Though these early guidance documents lack instructions for
practical application of valuation of ecosystem services, they do es-
tablish a good foundation for better evaluation. Maintaining
ecosystem functions is a prerequisite to providing services. Placed
in their historical context, these documents represented an impor-
106. SeeJane Braxton little, A New Plan Frames the Sierra Nevada, HIGH COU TRm NEws,
Feb. 12, 2001, at 6.
107. See EPA ON TEaaxsnAaL ENVIRONMENTS, supra note 94, at 8. The other values are
species and ecosystem structure.
108. Id. at 8.
109. Id. at 58.
110. Ia at 55.
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tant step away from a static view of biodiversity and toward a more
dynamic analysis of functions and services.
B. Habitat Evaluation
After a two-year break, the OFA released a key document,
known as the Habitat Evaluation guidance."' This guidance incor-
porated ecological concerns into the evaluation of NEPA docu-
ments and established a method of evaluation on which the EPA
would come to rely in subsequent, more specific applications. The
document provides assistance to EPA reviewers on evaluating eco-
logical risks in effects considered in EISs. The guidance focuses on
habitat loss and degradation, with particular emphasis on mitiga-
tion. The mitigation theme established in this and other early eco-
logical guidance is reprised in all of the following guidance
documents. Although the method in Habitat Evaluation is general
and qualitative, it was a major step forward from the early guidance
toward valuation of ecosystem services.
The Habitat Evaluation guidance aids reviewers in their section
309 analysis in two ways: first, it helps them to make informed com-
ments in a regional context rather than in a more general way;
second, it suggests specific mitigation measures that reviewers may
propose to the action agency. Although the ecosystem services con-
cept is not central to the guidance, which stresses mitigation to pre-
serve ecological integrity,"2 the guidance nonetheless calls for
consideration (if not quantification) of a number of services. And,
of course, ecological integrity is the basis for long-term sus-
tainability of ecosystem services.
The Habitat Evaluation guidance is organized by "habitat re-
gions," which are geographic areas that provide the context for de-
termining the value of particular habitat affected by a proposal.
The guidance divides the nation into eight of these habitat re-
gions. "' These regions are similar to, but somewhat more general
than, the fifteen ecosystem types into which the Terrestrial Envi-
ronments guidance divides the nation. 14 For each habitat region,
the document defines habitats of concern (such as old-growth and
111. EPA ON HABITAT EVALUATION, supra note 13.
112. See id. at 5.
113. Northern lakes and forests; Southeastern forests and cropland; Midwestern
cropland; Great plains and prairies; Western forests; Western deserts and grasslands;
Alaska; and Hawaii and island territories. Id at 1.
114. EPA ON TERRESTRIAL ENVRONMENTS, supra note 94, at 5-8.
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mature forests), which are "those sensitive environments whose
degradation or loss results in significant diminution of ecosystem
integrity or ecological values."'I- For each habitat region, the docu-
ment also describes habitat values and trends, common activities
affecting habitats, and mitigation measures, and provides summary
guidelines for reviewers.
Like the earlier Terrestrial Environments guidance, the Habitat
Evaluation guidance does not distinguish between (or sufficiently
describe the connection between) the terms habitat and ecosys-
tem. Despite this problem, the Habitat Evaluation guidance does
cite the values and services provided by habitats in explaining why
degradation or loss of habitat should be avoided or mitigated. The
guidance specifically acknowledges that some ecosystem services
have economic benefits. ' 16 For example, under the category of"pu-
rification of resources," the guidance includes sediment and toxi-
cant retention, nutrient removal and transformation, and pollutant
detoxification as factors that should be considered in evaluating
the effects of a proposed action. These factors are also services for
which EISs should address mitigation. Other categories include
market-valued services such as erosion control, sediment trapping,
flood flow alteration, and fisheries." 7 All of these habitat or ecosys-
tern services are well suited to evaluation with the new techniques
of ecological economics. Still, the loose definitions in the docu-
ment, including the failure to distinguish between the concepts of
ecosystem services, functions, and values,' muddle what might
otherwise be a clear directive to evaluate the real value of service
losses.
The Habitat Evaluation guidance defines mitigation as includ-
ing four measures (preservation, management practices, restora-
tion, and compensation). Unfortunately, the regional chapters
concentrate almost exclusively on only one of them (management
practices). However, another component of mitigation is compen-
sation. The guidance defines compensation to include both
purchase of lands of comparable habitat size and quality as well as
provision of financial restitution." 9 Particularly in the context of
115. EPA ON HABITAT EVALUATION, supra note 13, at 2.
116. Id. at 5.
117. I& at 7.
118. See id. at 5, 7.
119. Id. at 19. In clarifying mitigation, the Habitat E'aluation guidance cites a 1981
Fish and Wildlife Service framework that outlines means and measures for compensating
impacts to wildlife. Id. at 20 (quoting 46 Fed. Reg. 7,660 (1981)).
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the guidance's focus on ecosystems, the compensation component
of mitigation should require review of information about ecosys-
tem services. Though the guidance does not elaborate on compen-
sation, the increasing availability of ecological economic
information should make thorough compensation analysis more
realistic now.
If the EPA were to revise its Habitat Evaluation guidance to pro-
vide more detailed suggestions regarding compensation-if EPA
were to demand specific estimates of financial restitution, for in-
stance-it might spur greater research into ecosystem services. Res-
titution in dollars would require determining the value of the
services lost as a result of habitat degradation. In the case where
the services have market substitutes, restitution could enable the
beneficiaries of ecosystem services to continue to receive the ser-
vices despite the habitat modification. NEPA, of course, does not
require that this financial transaction take place. But the EPA is
correct in its interpretation in the Habitat Evaluation guidance
that NEPA requires agencies to estimate, when they can, the loss of
services. The EPA can play a pivotal role in encouraging better ac-
counting for these services in EISs.
C. Grazing on Federal Lands and Highway Development
In 1994, following the publication of the Habitat Evaluation
guidance, the EPA turned to specific federal activities that raise dif-
ficult issues for ecological impact analysis: grazing on federal
lands1"' and highway development. 12 1 These two guidance docu-
ments, one on each issue, extend the Habitat Evaluation analysis by
focusing on commonly encountered impacts from two types of fed-
eral actions. As with the prior guidance, these two documents focus
on ecosystem functions. Though functions support the provision of
services, they do not quantify the benefits in a way easily compared
to other impacts or alternative actions. The documents do, though,
strengthen the foundation for applying the tools of ecological eco-
nomics to better describe the effects of actions on and mitigation
for ecological services. The two guidance documents, especially the
one on highway development, make important progress in high-
lighting some areas where services can and should be identified
120. U.S. ENvrL. PROT. AGENCY, GRAZING ON FEDERAL LANDS (1994) [hereinafter EPA
ON GRAZING].
121. U.S. ENVrL. PROT. AGENCY, ECOLOGICAL IMPACTS FROM HIGHWAY DEVELOPMENT
(1994) [hereinafter EPA ON HIGHWAY DEVELOPMENT].
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and roughly estimated, even though they do not provide a compre-
hensive method for the analysis.
The Grazing guidance focuses on ecological effects of livestock
grazing, especially impacts on water and soil. Mitigation plays a rel-
atively minor role in the document. However, several significant
environmental impacts are described by the guidance, including
effects on stream water quality, drainage, soil stability, and water
availability. All of these impacts affect important ecosystem services
that may be quantified to more precisely evaluate a grazing
proposal.
122
The sections of the Grazing document dealing with indirect im-
pacts on terrestrial and aquatic ecosystems make the greatest con-
tribution to developing methods of valuing of ecosystem
services. 123 Both sections cite studies that describe the functional
ecosystem losses resulting from the decline in vegetative diversity
that often accompanies grazing. For example, the section on ter-
restrial ecosystems notes reductions in the nutritional value of for-
age from grazing. The aquatic ecosystems section is more specific,
and discusses a number of services that may be impaired, including
energy flow, moderation of stream temperature, flood control, and
sediment trapping.1 24 The guidance does not discuss the utility of
quantifying those services, and valuation would certainly improve
our understanding of the magnitude of the impact. The services
discussed in this guidance are the subject of current ecological eco-
nomic investigation.
The Highway guidance also takes an ecological approach to
describing impacts, but includes relatively more discussion of miti-
gation than the Grazing guidance. The Highway guidance also ex-
plicitly connects consideration of ecological impacts to existing
action agency regulations and guidance. 12 The guidance is thus
able to use Federal Highway Administration material to support an
evaluation within a regional context and a number of substantive
goals, such as: preservation of sensitive ecosystem and species,
maintenance of natural habitat structure and ecosystem processes,
minimization of habitat fragmentation, and restoration. -126 This
connection strengthens EPA's leverage in the section 309 process
122. See EPA oN GaRzANo, supra note 120, at 6, 12.
123. See id. at 25-29.
124. IM at 27-29.
125. See EPA oN HIGHWAY DavmomPMr, supra note 121, at 5.
126. I& at 5-6.
528 STANFORD ENVIRONMENTAL LAW JOURNAL
by illustrating to the action agency how to better meet its own
mandates.
In describing serious impacts of highway development, the EPA
guidance considers the disruption of natural processes. 127 This
helps provide a basis for evaluation of the services based upon
these processes. For instance, in discussing riparian ecosystem
processes, the guidance describes the relationship between ero-
sion, runoff, sedimentation, and floods in a way that suggests the
supply of flood control. 12 Similarly, and more directly, the gui-
dance recognizes that hydrological degradation harms nutrient
and energy cycles, and cites the importance of these impacts in
rural areas. 129 In differentiating the value of a function (such as
nutrient cycling) based on its location (rural), the guidance moves
toward an ecosystem services approach. A services approach values
nature not just based on what is produced but also on whether
there are humans in the area who use what is produced. The gui-
dance also distinguishes impacts on wildlands based on the
setting.1
3 0
In order to evaluate the ecological impacts of highway develop-
ment, the guidance recommends determining the appropriate
scale of analysis and establishing concrete ecosystem goals. The
guidance stresses the importance of identifying quantifiable
endpoints for each goal. 13 ' This guidance's advocacy of quantifica-
tion provides an important link to valuation of ecosystem services.
The guidance would evaluate EISs based on a two-step approach
of, first, characterizing ecological values and functions, and then
quantifying impacts. 32 Quantifying endpoints of an activity-such
as the resulting status of hydrology, or consequent changes in nu-
trient and energy cycling' 33-is one of the steps involved in assess-
ing the value of ecosystem services.
In addition to quantifying impacts, ecological services valuation
would also help meet the Highway guidance's recommendation to
use compensation as a form of mitigation. Three of the specific
mitigation measures listed in the guidance are: (1) "[c]ompensate
for unavoidable loss of habitat through in-kind restoration or miti-
127. See id. at 14-15.
128. Id. at 15.
129. Id. at 18.
130. Id. at 19.
131. See id. at 22-23
132. Id. at 28.
133. Id. at 24-25.
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gation banking programs"; (2) "[c]ompensate for unavoidable di-
rect loss of habitat by increasing the carrying capacity ...and
providing access to water supplies"; and (3) "[c ] ompensate for un-
avoidable loss of sensitive habitats... [by] preserving areas of simi-
lar or greater value.""3 4 Each of these measures requires some form
of valuation of ecosystem functions or services and should be in-
formed by the emerging ecological economic tools. The guidance
specifically recommends ecological restoration as a tool for mitiga-
tion in certain circumstances. Here as well, valuation of ecosystem
services can help to "specify the restoration objectives"1 5 and to
monitor the performance of the restoration.1
3 6
The Grazing and Highway guidance documents develop and
present a strong quantitative and conceptual basis for -hluing
ecosystem services. For example, in explaining the value of bi-
odiversity, the Highway guidance asserts that access to genetic re-
sources "contributes about $1 billion annually to U.S. agriculture
through development of improved crops."'3 " Future guidance may
rely on the estimates of the monetary value of ecosystem services'38
to support the importance of considering the impacts on services
of agency proposals.
D. Considering Ecological Processes in Environmental
Impact Assessments
After a hiatus of five years, the OFA released its most recent
ecological guidance, Considering Ecological Processes in Environ-
mental Impact Assessments, in 1999.139 This "Ecological Processes"
guidance builds on the Terrestrial Environments 4 ' and the
Habitat Evaluation 4' guidance reports in providing a fi-amework
for NEPA reviewers that more closely follows current theories of
conservation biology. Indeed, the guidance cites conservation biol-
ogy materials to justify its focus on ecological processes as "funda-
134. Id. at 42.
135. Id. at 55.
136. See id. at 56 (calling for mitigation monitoring).
137. Id. at 2.
138. See, eg., Robert Costanza et al., The Value of the World s Ecosstem Sewices and Nalu-
ral Capital 387 NATURE 253 (1997). See generally NATuRE's SERCFis, supra note 3.
139. U.S. ENVTL. PROT. AGENCY, CONSIDERmG ECOLOGICAL PROCESSES IN ENRo0N.t -
TAL IMPACr AssEss~.F-rs (1999) [hereinafter EPA oN EcoLocil.,L PROCESSES].
140. EPA ON TamtwsrRmL ENmRONhMENTS, supra note 94.
141. EPA ON HABITAT EVALUATION, supra note 13.
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mental to biodiversity conservation."142 Building explicitly on the
1993 CEQ Biodiversity143 and EPA Habitat Evaluation4144 reports,
the Ecological Processes guidance emphasizes ecological functions
and services much more than any of the other guidance docu-
ments discussed in this article. The Ecological Processes guidance
shows great potential for the OFA to continue to incorporate new
developments in conservation biology, either through the existing
Ecological Processes framework or through guidance issued peri-
odically to update valuation methods.
In its introduction, the Ecological Processes guidance directly
connects concerns about nature's services to its framework:
[C]lean air and clean water depend not only on the control of
hazardous discharges, but on the maintenance of ecosystem ser-
vices that assimilate wastes .... Ecosystems provide not only valu-
able products and essential services, but also opportunities for
recreation and aesthetic enjoyment. Examples of ecosystem ser-
vices include purifying air and water, providing flood control,
building fertile soils, and producing food, fiber, and other natu-
ral resources for human consumption. Healthy forests, for exam-
ple, provide wood products, sequester man-made gases that cause
global warming, and control erosion that degrades water quality
and fisheries, and support wildlife and rare species.
145
In contrast to previous guidance organized around particular
practices that threaten the environment or particular ecosystem
types, the Ecological Processes guidance organizes its analysis
around ten processes "that effectively capture ecosystem function-
ing and should be evaluated for adverse effects."'1 46 The guidance
discusses methods to mitigate adverse impacts on each process, but
focuses mostly on describing the ecological processes and the ef-
fects they suffer from than it does on mitigation. The ten processes
evaluated by Ecological Processes are: (1) habitats critical to eco-
logical processes, (2) pattern and connectivity of habitat patches,
(3) natural disturbance regime, (4) structural complexity, (5) hy-
drologic patterns, (6) nutrient cycling, (7) purification services,
(8) biotic interactions, (9) population dynamics, and (10) genetic
diversity.
147
142. EPA ON ECOLOGICAL PROCESSES, supra note 139, at 2 (quotingREED Noss & ALLEN
COOPER-RIDER, SAVING NATURE'S LEGAC. PROTECTING AND RESTORING BIODIVERSrny (1994)).
143. CEQ ON BIODmVsRrsY, supra note 72.
144. EPA ON HABITAT EVALUATION, supra note 13.
145. EPA ON ECOLOGICAL PROCESSES, supra note 139, at 2.
146. Id. at 4.
147. Id.
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Of these ten processes, hydrologic patterns, nutrient cycling,
and purification services have the most direct connection to mar-
ket substitutes that can be used to estimate their service value. Hy-
drologic patterns, for instance, are credited in the guidance with
maintaining coastal beaches,14s a project for which there exists val-
uation data from sand nourishment efforts. The guidance goes so
far as to assert that "all effective shoreline engineering procedures
create erosion" by interrupting the replenishment of sediment to
beaches.49 If so, a very large number of EISs would benefit from
the valuation analysis of ecological economics to quantify the im-
pairment of beach replenishment services. Similarly, the guidance
describes a wide range of watershed modification activities that, by
impairing hydrologic patterns, create costs through increased
flood frequency, increased flood magnitude, bank erosion, and de-
creased baseflow during dry periods."' Because the market pro-
vides and values services that seek to substitute for these reductions
in ecosystem functions, ecological economics could improve envi-
ronmental analyses and might better satisfy the concerns of the
EPA guidance.
Nutrient cycling and purification services are the two ecological
processes with the greatest connection to the existing work on valu-
ing nature's services. In the chapters describing these processes,
the guidance cites essays from Nature's Seroices, the path-breaking
collection of studies valuing ecosystem serices.151 These citations
help indicate what information the EPA should demand from EISs
and from recent developments in ecological economics.
The Ecological Processes guidance advises EIS reviewers on
quantitative description of nutrient cycling. Quantitative measure-
ment of ecological processes is difficult but scientist do have the
ability to track nutrient cycles through radioactive tracers and
chemical analyses of soils, waters, sediments, and plants. 52 Quanti-
tative descriptions of nutrient cycling provide an excellent basis for
comparing functions across the various alternatives presented in an
EIS. Although the quantitative measures are not service valuations,
148. Id at 40.
149. Id. at 42.
150. Id at 41-42.
151. See, e-g., id. at 51 (citing Gretchen C. Daily et al., &Eosystan Srices Supplied by Sgil,
in NArupE's SERv cEs, supra note 3), 58 (citing Charles H. Peterson & Jane Lubchenco,
Alafine Ecosystem Services, in NATURE'S SERVicES, supra note 3), 59 (citing Katherine C. Ewel,
Water Quality Improvement by We/ands, in NATrURE's SERvm\s, supra note 3).
152. See EPA oN EcoLocic-sL ProcmESES, supra note 139, at 48-49.
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they at least offer a basis for making those valuations if there are
adequate substitutes priced by the market. However, the report's
discussion of nutrient cycling does offer a caveat for the ecological
economic valuation of fertilization based on synthetic substitutes.
The report notes that introduction of synthetic fertilizers create
"many deleterious effects on the environment." 153 Even where mar-
ket substitutes offer the same level of services, such as availability of
biologic nitrogen, as ecosystem processes do, there may be environ-
mental costs to providing those services by means outside of nor-
mal ecological functioning. Ecological economic valuation must
account for those costs of a substitute where they are absent from
the production of the services through normal ecological
processes.
Adverse impacts to nutrient cycling may involve addition of nu-
trients to ecosystems, as when fertilizers are applied, or the subtrac-
tion of nutrients, as when soil is washed away. Depending on the
impact, artificial wetlands may offer mitigation. Wetlands can as-
similate nutrient overloads and abate erosion by slowing flood
flows. Mitigating impacts on nutrient cycling, therefore, may bring
to the section 309 evaluation all of the valuation issues associated
with wetlands creation and restoration. 154 The guidance also dis-
cusses wetlands for mitigating adverse effects on purification
services. 1 5
Many of the issues associated with nutrient cycling also apply to
purification services because assimilation of contaminants may be a
function of both. A nutrient in one setting may be a contaminant
in need of assimilation (purification) in another setting where ele-
vated nutrient loads exist. The Ecological Processes guidance ad-
vises EIS reviewers on purification services, offering the most direct
link between an ecological process and a service valued by ecologi-
cal economists. Indeed, "purification services" is the only process
category described by the guidance as a "service." The close con-
nection between the purification services chapter of the guidance
and ecological economics is manifest in the section on how purifi-
cation services should be described. This section contains a num-
ber of quantitative measures useful in comparative analysis. One
measure comes directly from an essay describing the ecosystem ser-
153. Id. at 49.
154. See id. at 52; see also Ruhl & Gregg, supra note 80 (2001); Salzman et al., supra
note 4 (2001).
155. See EPA ON ECOLOGICAL PROCESSES, supra note 139, at 59.
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vices of marine ecosystems: "The marginal value of using aquatic
ecosystems to scrub nutrients from sewage wastewater can be esti-
mated by using standard engineering formulae to calculate the
costs of construction and operation" of wastewater treatment facili-
ties. 156 The EIS reviewers could benefit from more references to
quantitative measures developed by scientists working on ecosys-
tem services valuation.
In describing mitigation for purification services, the guidance
promotes comprehensive watershed and pollution prevention ap-
proaches.'5 7 The guidance suggests that the level of mitigation may
be determined by "[t]he emerging field of ecological risk assess-
ment." 1 The task of better integrating the tools of ecological risk
assessment into ecological economics, and vice versa should be a
high priority for OFA and researchers interested in improving envi-
ronmental impact assessment.
The fact that only three of the ten ecological processes identi-
fied by the OFA as critical in EIS review are easily susceptible to the
ecological economic analysis reveals the limitations of the valuation
tools. Although valuing nature's services may provide important in-
formation to help decision-makers and the public compare the
merits of different courses of action, that information does not cap-
ture all of the dimensions of ecological processes, such as popula-
tion dynamics or natural disturbance. It may well be that without
these non-market processes, ecosystems will not sustainably provide
the market-valued services. An important challenge to the ecologi-
cal economists is to include a wide range of these essential ecologi-
cal processes in their value calculus, even where they do not directly
supply market-valued services.
V. CONCLUSION
This study of the relationship between the EPA's NEPA duties
and valuation of ecosystem services yields a number of recommen-
dations. Many of the recommendations point in directions toiard
which the EPA has already begun to move. Certainly, the section
309 guidance at the heart of the EPA's NEPA program reflects a
gradual, steady increase in sophistication and effectiveness in inte-
156. Id. at 57 (citing Charles H. Peterson &Jane Lubchenco, Marine Eacosstem Srces,
in NATURE'S SEnvicEs, supra note 3, at 177).
157. See id. at 59.
158. Id at 59 (citing G.W. SuTER II, ECOLOGiCAL RISK ASSESSF-- (1993); U.S. Ewrt.
PROT. AGENCY, FPA.NvoRK FoR EcoLOGIAL RISK ASSESSMFr (1992)).
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grating ecological economic understandings of ecosystem services
with the regulatory framework. The challenge ahead for the EPA is
to improve quantification of ecosystem services for valuation and to
ensure that agencies effectively implement mitigation.
Although the substantive mandate of NEPA sets goals that are
difficult to measure without valuing ecosystem services, it is the
procedural mandate of NEPA that offers the strongest support for
using the new tools of ecological economics. The section
102(2) (B) mandate to "identify and develop methods and proce-
dures . . .which will insure that presently unquantified environ-
mental . . values may be given appropriate consideration in
decisionmaking along with economic... considerations"' 1 9 essen-
tially requires agencies to support the methods and procedures of
ecosystem service valuation.
The most important procedural mandate of NEPA is the sec-
tion 102(2) (C) requirement to prepare an environmental impact
statement for major federal actions significantly affecting the qual-
ity of the human environment. The statute requires each EIS to
describe "the relationship between local short-term uses of man's
environment and the maintenance and enhancement of long-term
productivity." To do so, agencies must assess the productivity of the
environment. The valuation of ecosystem services is one powerful
method of fulfilling this mandate.
Because the CEQ regulations provide the blueprint for agency
preparation of EISs, the EPA guidance on EIS review should build
on the CEQ regulations. Future guidance from the OFA should
anchor more strongly to the CEQ regulatory requirements on in-
complete or unavailable information, and cumulative impacts. The
former supports the use of new techniques valuating ecosystem ser-
vices in order to provide information that is otherwise unavailable
and essential to reasoned decision-making. The latter promotes
analyses that search out the most distant reasonably foreseeable ef-
fects of actions, which include impacts on the functioning of
ecosystems.
The CEQ biodiversity report sets an agenda that the EPA has
adopted somewhat in its EIS review guidance. However, the report
suggests a more comprehensive agenda for the EPA: to establish
criteria for good environmental practices, to sponsor new research,
159. 42 U.S.C. § 4332(2) (B) (1994).
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to disseminate new information and tools of environmental impact
analysis, and to coordinate efforts across agency jurisdictions.
Because the EPA's EIS review process creates a gateway for ex-
amining all proposed major federal actions with significant envi-
ronmental effects, it can be an attractive vehicle for evaluating a
myriad of concerns. However, the section 309 process is particu-
larly well suited for the valuation of ecosystem services for at least
three reasons: (1) section 101 of NEPA provides substantive goals
that match the aim of the valuation; (2) valuation is in a state of
development where a moderate increase in demand for informa-
tion from the government would substantially advance the preci-
sion of the valuation techniques; and (3) valuation answers real,
practical questions that are often raised but unanswered in EISs.
Also, the EPA's section 309 EIS review program is an excellent
vehicle for promoting useful applications of ecological economics
because it melds the procedural with the substantive. The review
program is concerned with evaluating the action-forcing environ-
mental impact analysis. However, unlike the CEQ regulations, the
EPA guidance sets a substantive agenda for review of action agency
proposals and EISs. Although the EPA's substantive focus on miti-
gation may divert its attention from other important substantive
concerns, it does provide an opportunity for the EPA to develop
special expertise in this area where action agencies and the CEQ
are weak. And, the adequacy of mitigation does implicate the sub-
stantive goal of correcting for significant environmental impacts.
The EPA can better strengthen mitigation through the use of
ecosystem services valuation to measure the pre- and post-action
services available in an impact area. Monitoring the status of prom-
ised mitigation after an agency makes its EIS final will be crucial to
the success of the mitigation program.
Since 1990, guidance documents issued by the EPA Office of
Federal Activities have advanced significantly the cause of includ-
ing ecosystem functions and services in NEPA and project review.
The guidance documents remain more focused on functions than
on services. But, because a services valuation approach builds on
knowledge of ecosystem functions, the EPA guidance continues to
create information that would support future valuations. Many of
the recommendations in the OFA guidance may be fulfilled
through the use of new ecosystem valuation techniques. Examples
include: evaluating the impacts of proposed actions on services,
such as sediment/toxicant retention, nutrient removal, flood con-
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trol, soil productivity, and pollution detoxification; estimating resti-
tution and compensation for habitat loss; distinguishing the value
of ecological services based on their location; and evaluating ef-
fects using a two-step process of characterizing ecological functions
and then quantifying the services they provide.
Still, new guidance from the OFA should specifically describe
the situations where the tools of ecological economics are most val-
uable. New guidance should also detail a protocol for evaluating
the adequacy of an ecosystem services valuation. Where appropri-
ate, guidance should assist EPA reviewers and action agencies in
quantifying ecosystem services as part of the effort to account more
accurately for the effects of proposals. Where services cannot be
quantified directly, the quantification of ecological processes, such
as nutrient cycling, may provide a basis for estimating the service
provided. While market substitutes for ecosystem services, such as
fertilization, may offer a convenient metric for estimating value,
future guidance must be careful to account for the negative im-
pacts, such as eutrophication of waters, of those market substitutes.
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